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benefits could also be envisioned including the stability of P(V) reagents to oxygen, the wide range of commercially available phosphonic dichlorides and their phosphonic acid precursors, 25 and the avoidance of an oxidative work-up otherwise required to isolate the desired P-oxide.
Our initial synthetic investigations were based on phenyl phospholane oxide (19 in Table 1 ) as a model system through the reaction of di-Grignard reagent 10 and commercially available POPhCl 2 . A previous study of a related reaction between phosphate ester dichlorides (PO(OR)Cl 2 ) and 10 highlighted the difficulty in achieving cyclization at the P(V) oxidation state due to undesired oligomerizaton. 26 After experiencing similarly low yields of 19 (25−35%) under standard conditions (0 °C−rt), 19, 20, 26 we progressed to examine the effect of lower temperatures which, surprisingly, to our knowledge, had never been investigated for the related esters. 26 In the event, by mixing the reactants at −78 °C (1:1 in THF, 0.1 M), a significant suppression of oligomerization was realized to give 19 in a highly respectable 75% yield (Table 1 , entry 1), representing a notable improvement relative to previous syntheses of phenyl phospholane from diorganometallic and P(III) reagents (optimum lit. yields given in Table 1 , entry 1). 19,20a,b,27 With a practical and efficient procedure established, we submitted a series of carbocyclic-fused 1,4-di-Grignard reagents (14−17) to the reaction with POPhCl 2 (Table 1 , entries 2−5). The known P-stereogenic benzo-and naphthophospholanes (±)-20 and (±)-21 were obtained in 87% and 57% yields, respectively, comparing favourably with previous multistep routes to these compounds (entries 2 and 3). 28−30 Utilizing racemic di-Grignard reagent 16, the novel bicyclic phospholane oxide (±)-22 was isolated in a moderate 57% yield (entry 4). The rigid trans-cyclohexaneannulated chiral backbone of 22 represents an unsaturated monomeric analogue to the skeleton of ZhangPhos (5, Figure 1 ), which has been previously obtained by the inverse addition of a nucleophilic primary phosphine and the corresponding 1,4-bis-electrophile. 5a Translation to the homochiral variants of 22 can be readily envisioned, based on the commercial availability of the requisite enantiopure precursors.
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The corresponding cis-di-Grignard reagent 17 reacted similarly with PPhOCl 2 to give chromatographically separable meso-diastereomers (s P )-23 and (r P )-23 in a 59% combined yield (Table 1 , entry 5), which bear additional Pstereocenters on the molecular symmetry plane. The major isomer was determined by X-ray crystallography to have the (s P )-configuration at the phosphorus atom, in which the phenyl group lies in an exo relationship to the annulated cyclohexene ring (Figure 2 ). We also established that the method can be extended to six-membered homologues using exemplary di-Grignard reagent 18 (entry 6), however reduced yields should be expected due to a greater degree of oligomerization.
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Figure 2. X-ray crystal structure of meso-(s P )-23 with an ellipsoid contour % probability level of 30%.
We next turned our attention to the scope of the process with respect to the phosphonic dichloride, targeting a series of novel naphthophospholane derivatives (Table 2 ). The requisite electrophiles were obtained commercially or by a simple chlorination procedure using oxalyl chloride, 25, 34 allowing access to a variety of products (25−31) contour % probability level of the X-ray structure of 27 is 30%.
In addition to having showcased the ability to tune the electronic and steric properties of the naphthophospholane scaffold via this methodology, it is noteworthy that versatile functional handles for further manipulation have been introduced (e.g., allyl, bromo and methoxy). Based on more specific precedents, the methoxy group could offer a potential means of resolving (±)-25 via the diastereomeric menthyl carbonates, 16 while the phosphinamide moiety in 31
should permit a facile entry into the corresponding phosphonic acid 35 which could, for instance, be reduced to the corresponding secondary phosphine oxide, 35b,36 the secondary phosphine, 3a,36 or diastereomerically resolved. In summary, we have established that annulated phospholane oxides can be obtained in a practical and efficient manner through the combination of phosphonic dichlorides and di-Grignard reagents. The significance of this method has been demonstrated by the synthesis of representative known compounds in superior yields than obtained with previous methods, its application to backbone-chiral and P-stereogenic phospholanes, and the straightforward electronic and steric modulation of a representative heterocycle through P-substituent variations. The latter is of particular importance in the context of analogue throughput in catalyst screening studies, which, as pointed out, could involve applications of the phospholane oxides as new organocatalysts or alternatively, as templates for P-ligand design, based on their well precedented ability to undergo diastereoselective α-C(sp 3 )−H functionalization, 18a,37 including oxidative dimerization to 1,2-bisphosphines.
5b,16
Experimental Section General Methods and Materials. All reactions were carried out in standard laboratory glassware with magnetic stirring. Thin layer chromatography (TLC) was performed on aluminum-backed 0.20 mm silica gel plates.
Visualization was accomplished with UV light. Flash chromatography was performed under positive air pressure using Silica Gel 60 of 230−400 mesh (40−63 m). Melting points (mp) are uncorrected. Proton and carbon magnetic resonance spectra ( 1 H NMR and 13 C NMR) were recorded on a 300 MHz or 500 MHz spectrometer, as specified.
Spectra were aquired in CDCl 3 and are reported relative to tetramethylsilane ( 1 H:  = 0.00 ppm) and solvent resonance Table 2 were prepared from their corresponding known phosphonic acids via chlorination with oxalyl chloride. 25, 34 All other reagents and solvents were obtained reagent grade from commercial sources and used as received.
General Procedure A for the Preparation of Di-Grignard Reagents. A dry round-bottom flask was charged with the appropriate neat di-halo compound (0.24−0.58 mmol, 1.0 equiv) and Mg (2.1 equiv). 40 The flask was evacuated and refilled with N 2 (single cycle), then THF was added (0.50 M in di-halo compound) and the suspension was stirred rapidly for 2 h at a temperature dependent on the substrate. Aliphatic di-Grignard reagents (10, (±)-16, meso-17 and 18)
were prepared at rt, while mixed aliphatic/aromatic substrates (14 and 15) were prepared by gradually heating from rt to 65 °C over 30 min, maintaining this temperature for 1 h, then returning to rt over 30 min (for these reactions, the flask was equipped with a condenser). In each case, titration of the resultant supernatant was carried out with a 1.00 M solution of 2-butanol in toluene using 1,10-phenanthroline as indicator 41 to determine the total concentration of organomagnesium species, which was halved to obtain the di-Grignard reagent concentration quoted in the experimental descriptions below. 
General

(racemic)-1-(2-Methoxyphenyl)-2,3-dihydro-1H-benzo[g]phosphindole-1-oxide (25). This was prepared according to
General Procedure B using a solution of PO(2-OMePh)Cl 2 (71.9 mg, 0.32 mmol) in THF (2. 
(racemic)-1-(3-Bromophenyl)-2,3-dihydro-1H-benzo[g]phosphindole-1-oxide (26). This was prepared according to
General Procedure B using a solution of PO(3-BrPh)Cl 2 (136.9 mg, 0.50 mmol) in THF (3.21 mL) and a solution of di- (27) . This was prepared according to General 
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